Abstract Male factor infertility (MFI) is a growing health issue in society. The vitamin D receptor gene (VDR) is expressed in many tissues and modulates expression of several other genes. The purpose of this study was to investigate the association between MetSyn, VDR gene (FokI, rs-2228570; C [ T) polymorphisms and MFI in Indian adults. Fifty cases and fifty-four controls, fulfilling inclusion and exclusion criteria, were included with their informed consent. Fasting plasma glucose, triglyceride, HDL-C were estimated by clinical chemistry analyzer (Beckmam Coulter DXC 800, USA). Serum insulin was measured by electrochemiluminescence immunoassay and VDR gene polymorphism by RFLP-PCR. Statistical analysis was done using SPSS 20.0. MetSyn was more frequent in MFI cases than controls. There was significant difference between waist circumference, fasting plasma glucose, triglycerides in MFI cases and controls. There was significant difference in HOMA-IR between MFI cases and controls (p value \ 0.05) and serum insulin was significantly raised in MFI cases (p value \ 0.05). VDR gene polymorphism was found to be associated with MFI cases as compared to controls and the serum level of vitamin D was also decreased in MFI cases than in controls (p value \ 0.05). This study provides evidence that insulin resistance is more in MFI cases than in controls and occurrence of MetSyn and its components is higher in MFI cases than in controls. Our findings provide evidence that VDR gene (FokI, rs-2228570; C [ T) polymorphism increases the risk of male factor infertility.
Introduction
According to the World Health Organization, infertility is a disease of the reproductive system and is defined as the inability of sexually active couples taking no contraceptives to achieve pregnancy within 1 year. It is estimated that 15% of couples attempting to conceive are not able to do so within 1 year. Male factor infertility is present in 20-50% of these couples, either independently or in conjunction with female factor infertility issues. Nearly 70 million couples are infertile worldwide, and assisted reproductive technologies are expensive and particularly unaffordable for couples in developing countries [1] . There is ample evidence showing that calcium is important in the male reproductive tract, where it is essential for spermatogenesis, sperm motility, hyper activation and acrosomal reaction [2] . However, the role of vitamin D, which is known as an important regulator of calcium metabolism, in semen quality and spermatogenesis is less clear and was the focus of several studies conducted in past few years. In a cross-sectional study, a positive correlation of 25(OH) D serum levels with sperm motility and progressive motility were present. Moreover, men with vitamin D deficiency (\10 ng/mL) had a lower proportion of motile, progressive motile and morphologically normal spermatozoa as compared to men with sufficient vitamin D status ([30 ng/mL) [3] .
The metabolic syndrome is one of the major public health issues of this century. It is a constellation of physical conditions and metabolic abnormalities commonly found in association with increased risk for development of type 2 diabetes mellitus (T2DM), cardiovascular disease and other medical conditions like male factor infertility. Several polymorphisms have been identified in the VDR gene and their functional significance and potential effect on disease susceptibility have been investigated. Allelic variation(S) affects the activity of the receptor. One of the known DNA sequence variants is a Cytosine/Thymine (C [ T) polymorphism (rs2228570) in the first of two potential start (ATG) codons separated by 3 codons which alters the transcription start site. This polymorphism results in 2 alleles that can be distinguished by RFLP using the endonuclease FokI [4] .
The involvement of vitamin D in the components of metabolic syndrome has been suggested We undertook this study to find out the association of metabolic syndrome and its components with male factor infertility and to evaluate the association of vitamin D receptor gene (Fok1, rs 2228570; C [ T) polymorphism with metabolic syndrome, its components and male factor infertility.
Materials and Methods
Study population: The hospital based case control study was conducted in Department of Biochemistry, Maulana Azad Medical College and Department of Surgery, Lok Nayak Hospital, New Delhi. Total one hundred four patients fulfilling inclusion and exclusion criteria, attending the surgery outpatient department in Lok Nayak Hospital with clinical diagnosis of male factor infertility was included in this study. This study included fifty newly diagnosed male infertile patients at the infertility clinic (\40 years old) according to WHO criteria for semen analysis included as cases, and fifty-four fertile patients as controls. Subjects having reproductive organ abnormalities and pathologies, taking drugs like statins and fibrates which can alter serum lipid profile or taking calcium or vitamin D supplements or suffering from parathyroid disease, chronic kidney disease and metabolic bone disease were excluded.
Sample collection: After 12-14 h fasting blood samples were collected by venipuncture in all subjects into a plain vial (2 ml), EDTA vial (2 ml) and fluoride vial (1 ml). Plain vial was allowed to clot for 30-60 min and then Serum was separated by centrifuging for 5 min at room temperature, stored at -80°C until other tests were done for estimation of HDL-C, triglyceride levels and RFLP-PCR (restricted fragmentation length polymorphism-polymerase chain reaction) respectively.
Glucose was assayed using UV method: enzymatic method utilizing both hexokinase and glucose 6-phosphate dehydrogenase enzymes, GLUC-HK kit (Randox,UK). TG was assayed by GPO reagent kit (Randox,UK) based on modified endpoint method. HDL-C was assayed by HDL-C enzymatic clearance assay kit (Randox,UK). The levels of serum insulin were measured by ELC immunoassay based on sandwich principle and the levels of serum vitamin D was measured by competitive inhibition.
The required region of FokI gene from the genomic DNA was amplified by polymerase chain reaction using primers described by Harris et al. [5] . Forward Primer: 5 0 -AGC TGG CCC TGG CAC TGA CTC TGC TCT-3 0 -(25 pmol/lL) Reverse Primer: 5 0 -ATG GAA ACA CCT TGC TTC TTC TCC CTC-3 0 -(25 pmol/lL). The amplified products were resolved using electrophoresis in 2% agarose gel and were 265 bp long.
The amplicons were digested with restriction endonuclease FokI from Thermo Scientific. The presence of T allele (FokI, rs2228750; C [ T) created a restriction site in the amplified region which was cut by FokI to produce 2 fragments of 69 and 196 bp. The mixture was incubated at 37°C for 5-15 min. The products were resolved using electrophoresis in 3.5% agarose gel (Fig. 1) . Positive control containing the template DNA with known genotype and negative control containing all the reaction components except the template DNA were processed with each run.
Results
The mean age in the male factor infertility (MFI) patients group was 28.78 (±4.92) years. In this study, MetSyn was found to be significantly higher among MFI cases as compared to controls, p value = 0.0003 (Table 1) . Odds ratio was 4.77 (95% CI 1.97-11.52).
In the present study comparison was made between the various components of metabolic syndrome in MFI cases and controls (Table 2 ). We found a significant difference between MFI cases and controls in three components of MetSyn (waist circumference, fasting plasma glucose and serum triglycerides) ( Table 3) .
Serum insulin and insulin resistance, estimated by HOMA-IR was significantly raised (p value \ 0.05) in MFI cases in comparison to controls (Table 3) . HOMA-IR showed positive Correlation in male infertility (Table 4) .
Among total study population FF genotype was 71.15% (27.88% in MFI cases and 43.27% in controls), Ff genotype was 18.28% (12.5% in MFI cases and 5.78% in controls) and ff genotype was 10.57% (7.69% in MFI cases and 2.88% in controls). There was a significant difference in distribution of genotype in MFI cases and controls, p value = 0.004 (Table 5 ). The controls were found to follow HWE using OEGE online calculator with Chi squared value of 10.34 corresponding to p \ 0.005. Retrospectively, the statistical power of the study was found to be 82% using online calculator clincalc.
Serum levels of vitamin D was significantly lower in MFI cases (19.88 ± 11.67)% and controls (26.21 ± 13.42)% p value = 0.004.
Discussion
In this study, MetSyn was found to be significantly associated with MFI. Recently, Makhside (2005) suggested the addition of hypogonadism to the constellation of aberrations seen in MetSyn. Several observational studies report that low levels of testosterone and SHBG are significantly correlated with MetSyn [6] . Peripheral conversion of testosterone to estrogen in peripheral adipose tissue in obese person may be one of the reasons for increased incidence of MFI in MetSyn. Increased scrotal temperature in obese person and Oxidative stress at the level of testicular microenvironment can also lead to MFI. Total testosterone, free testosterone, and SHBG were also found to be directly correlated with high-density lipoprotein * r s was calculated by using spearman correlation analysis levels. Furthermore, men with hormone levels in the lowest third were more likely to develop MetSyn, even in strictest modelling [6] .
Insulin is known to stimulate testosterone production and inhibit sex hormone binding globulin synthesis [7] . In this study, MFI cases were found to have significantly higher levels of Insulin and HOMA-IR. HOMA-IR serve as a surrogate measure of the insulin resistance phenotype, as it identifies a proportion of subjects with insulin resistance without directly measuring insulin action [8] . In insulin resistance, as seen in MFI cases, lesser stimulation of testosterone production could contribute to infertility.
We categorized participants with plasma 25(OH)D \20 ng/ml as vitamin D deficient and \ 30 ng/ml as insufficient. Among the MFI cases prevalence of vitamin D deficiency is 68% and in controls 42.59%. Vitamin D insufficiency in cases and controls are 20 and 25.92% respectively. The overall vitamin D status of the participants in this study is similar to other studies [9] [10] [11] . These findings along with other studies suggest an alarming trend of vitamin D deficiency. There is ample evidence showing that calcium is important in the male reproductive tract, where it is essential for spermatogenesis, sperm motility, hyperactivation, and acrosome reaction [12] . Vitamin D increases intracellular calcium concentration in human spermatozoa through VDR and increase sperm motility. Blomberg et al. [2] studied the association of semen quality and vitamin D status in a cross-sectional study including 300 men from the general population and found a positive correlation of 25(OH)D serum levels with sperm motility and progressive motility. Vitamin D is metabolized locally in the male reproductive tract and vitamin D receptor expression has been shown in testis from rodents, chickens, roosters, humans, and in ejaculated human spermatozoa [13, 14] . The importance of testicular VDR expression is highlighted by impaired fertility due to decreased sperm counts, reduced sperm motility, and histological testicular abnormalities in one of the VDR knock-out mice strains [15] . Length of the VDR, affected by the presence of the polymorphisms, could lead a lower activation of target cells. FokI, rs2228750; C [ T is a single nucleotide polymorphism (SNP) in the translation initiation code that has been reported to have functional significance in in vitro studies. Thus there are two VDR protein variants, a long version (T allele/f allele) and other variant shortened by three amino acids (C allele/F allele). It has been suggested that short 424 amino acid VDR protein is more active than the long 427 amino acid variant. In this present study we observed a restriction fragment length polymorphism for FokI of the VDR gene and we found polymorphism (Ff ? ff) 21 in MFI cases and 9 in controls, OR (95% CI) = 3.62 (1.45-8.99), RR = 2.02 (1.13-3.60), and p value is 0.004. Thus, this study reflects, the association between VDR gene (FokI) polymorphism and male factor infertility.
The limitations of the study were the small sample size and the results need to be verified on a larger and more diverse population. Also the study did not classify male infertility according to causation and assess the relation of various study parameters across different etiologies resulting in MFI.
Conclusion
MetSyn occurs most frequently in MFI cases as compared to controls corroborating that MFI should be included as one of the symptom complex of MetSyn. Insulin and HOMA-IR are significantly higher in MFI cases than controls, thus insulin resistance may be considered as one of the major underlying mechanism of MFI. VDR gene polymorphism resulting in deficient vitamin D action also seems to contribute to MFI and could be one of the reasons for the alarming increase in MFI in the recent decade.
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